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Triphenyltetrazolium chloride exhibits a strong growth inhibition in respiratory competent cells but shows only minor effects in respiratory deficient mutants of Saccharomyces cerevisiae and Schizosaccharomyces pombe. Use of this dye thus allows rapid selection of rarely occurring respiratory deficient mutants, showing karyotic as well as extrakaryotic inheritance. Mutation induction by tetrazolium chloride was not observed. The results favour the hypothesis that triphenyltetrazolium chloride interferes with the terminal oxidase of the respiratory chain.
Since the first report on respiratory deficient mutants (petite) in Saccharomyces cerevisiae was published 1 several reliable techniques for the detection and isolation of these mutants have been elaborated: characterization by colony size on solid glucose media 1 , replica plating on nonfermentable substrates 2 , staining of colonies with dyes [3] [4] [5] [6] . Although most of them can be applied to the isolation of petites in other yeasts, they are efficient only with strains giving rise to high mutation rates.
Schizosaccharomyces
belongs to the group of yeasts which show only low rates of mutation to respiratory deficiency even after induction with mutagens, such as UV and nitrosoguanidine 7 ' 8 . The most powerful agents in the inactivation of the rho factor in Saccharomyces cerevisiae, acridines and ethidium bromide, until now have failed to induce respiratory deficient mutants in Schizosaccharomyces 9 ' 10 . Under these circumstances a technique for the enrichment of petite mutants would facilitate the study of the genetics of respiratory deficiency in Schizosaccharomyces pombe.
2,3,5-triphenyltetrazolium chloride (TTC) has been shown to inhibit groAvth of respiring yeast and Neurospora crassa 11-13 and a possible selection for poky mutants of Neurospora has been discussed. RAUT duction by the dye used rather than of selective growth of petite cells. In this paper was shall show that enrichment of respiratory deficient mutants is due exclusively to selective growth of preexisting mutants, both in Schizosaccharomyces pombe and in Saccharomyces cerevisiae.
A second agent, cobalt sulphate, has been reported by HORN and WILKIE 15 to inhibit selectively growth of rho + cells in Saccharomycescerevisiae. We found that both extrakaryotic and karyotic petite mutants are enriched by cobalt sulphate. This technique of petite enrichment has been reexamined and applied to Schizosaccharomyces pombe.
Materials and Methods

Strains
Schizosaccharomyces pombe:
972 h"; 50/1 a h + ade7; 50 h~ ade 7. These strains were kindly provided by Prof. Dr. U. LEUPOLD, Berne.
Saccharomices cerevisiae:
M 12 a ile 5, try 2, ura 3 15 . A 1328 A a, ade 2, leu 1 (Seattle Yeast Stock Culture).
Media
Schizosaccharomyces pombe:
Glucose Medium: 1 per cent yeast extract (Merck ^, 2 per cent (w/v) glucose (unless otherwise stated).
Glycerol Medium: 1 per cent yeast extract, 2 per cent (v/v) glycerol.
TTC Medium: 2,3,5-triphenyltetrazolium chloride (TTC) (Merck) added as a sterile solution to the autoclaved glucose medium.
Co Medium: cobalt sulphate (Merck) added to glucose medium.
TTC media must be stored in the dark. Media were solidified with 1.5 per cent agar and supplemented with adenine (100 mg/ml) if necessary.
Saccharomyces cerevisiae:
Media as for Schizosaccharomyces, enriched by 2 per cent peptone (Merck).
Cultures
Cells used for all experiments were grown to early stationary phase. They were obtained after inoculation of liquid glucose medium with about 10 6 cells/ml and incubation at 30 °C with aeration for 24 hours (Saccharomyces) or 36 hours (Schizosaccharomyces).
Results
I) Selective growth inhibition by TTC a) Saccharomyces cerevisiae
Differential staining of respiratory competent (RC) and respiratory deficient (RD) colonies with 2,3,5-triphenyltetrazolium chloride has widely been used as a diagnostic means. TTC, when added to glucose agar plates (50 /<g/ml) or to overlay agar (1 mg/ml), stains RC colonies pink to red but leaves RD colonies white 3 ' 4 . In our experiments TTC concentrations of 10 to 30 jug/ml agar led to similar results. With increasing TTC concentrations in glucose agar (100, 150, 200/«g/ml), selective inhibition of RC colonies is observed whereas RD colonies show only minor reduction in colony size (Table 1 Under these conditions rare petite mutants were easily selected by plating 10 4 to 10 5 cells per plate. After 4 to 6 days of growth at 30 °C, RD cells reached normal colony size. In a relevant experiment the following results were obtained after plating 10 4 liquid grown cells of strain M 12 on glucose medium with 150//g/ml TTC:
1. Colonies of normal size which, after replica plating, were not able to grow on glycerol medium. These were isolated as respiratory deficient cells. Their number differed from 5 to 6 per plate.
2. Barely visible, deep red coloured micro-colonies which were able to grow on glycerol medium. Their number (about 20 to 40 per plate) varied and because of their small size it was difficult to score them.
3. Rare colonies of a size between those of 1 and 2 showed red colour and were able to grow on glycerol medium. Their ability to grow on TTC medium was not permanent and after a passage on glucose medium their growth on TTC was sometimes blocked in the same way as that of wild type cells.
The inability of the colonies of type 1 to use glycerol as an energy source remained a constant property. These RD mutants were crossed to RC cells and shown to be extrakaryotic (cytoplasmic) petites. Their frequency in strain M 12 was about 4-10" 4 as was revealed from TTC plates. This is in good agreement with the data reported by SCHWAIER et al. 17 who found a frequency of 5.5 -10 -4 for the spontaneous mutation rate of RD mutants. The same effect of TTC was observed with cells of strain A 1327 A which shows a high mutation rate to RD. From 200 cells plated on TTC medium about 70 colonies were visible after 4 days of incubation; more than 90% of them proved to be respiratory deficient In a control experiment on glucose medium without TTC, 50 to 70 colonies out of 200 were unable to grow on glycerol medium. Increase of TTC concentration to 250 «g/ml resulted in a reduction of the number and size of RD colonies after 6 days of growth. The colour of petite colonies changed to pink and red. With doubled TTC concentration (500//g/ml), no cells were able to produce colonies. When the TTC concentration was decreased to 30 /<g/ml, a dense lawn of rose coloured colonies developed 3 days after plating 10 4 cells/plate of strain M 12. White RD colonies were only slightly larger and their detection was difficult. 
II) Characterization of mutants selected by TTC
Both extrakaryotic and karyotic mutants were selected in Saccharomyces cerevisiae. Enrichment of karyotic mutants was proved with cells of the mutant pet-6 and pet-7, which complement to rho~-"petite" cells. In Schizosaccharomyces pombe, genetic analysis of about 50 spontaneous and UV-induced RD mutants selected by TTC revealed that all mutants showed Mendelian inheritance of respiratory deficiency. From the fact that we failed to find extrakaryotic mutants after isolation by replica plating (30 mutants tested), it may be assumed that this type of RD mutants if present, is rare in Schizosaccharomyces.
Biochemical characterization of TTC selected mutants proved that a wide range of mutations lead to a growth advantage in the presence of TTC. These include mutations affecting complex I, II, III and IV of the respiratory chain as was shown by studies on respiratory enzymes and cytochromes 8 ' 18 .
III) Selection of RD mutants by CoS04
HORN and WILKIE 15 reported that in a cobalt medium cytoplasmic respiratory deficient mutants of Saccharomyces cerevisiae show a selective advantage.
Although we too found selective growth of respiratory deficient cells in cobalt medium, the results were not as clearcut as in experiments with TTC. Depending on yeast strain and culture conditions, the selective advantage of RD cells was variable.
In Schizosaccharomyces pombe RD cells also exhibit a selective advantage in cobalt media. In the experiment shown in Table 2 , a mixed population of karyotic RD cells and wild type cells was plated on agar containing varying CoS04 concentrations. With increasing concentrations wild type colonies are inhibited to a higher degree than RD cells. As with TTC, a growth advantage is also observed in liquid cobalt media. Rapid aeration diminishes the effect. Since only karyotic RD mutants have so far been found in Schizosaccharomyces, the observation made by HORN and WILKIE 15 that the selective advantage is to be restricted to extrakaryotic RD mutants (rho -) is not generally true.
C0SO4
No Respiratory deficiency was proved by replica plating.
Discussion
The results presented above demonstrate that selective growth of RD colonies is achieved by plating a mixed population of RD and RC cells on agar containing triphenyltetrazolium chloride. The RD colonies arising on TTC agar are not due to mutations induced by the dye but grow from preexisting mutant cells. This is shown by two experiments :
A) The percentage of RD cells revealed by plating a cell population on TTC agar was not increased compared to that revealed by plating on glucose agar and by replica plating on glycerol. B) A mixture of auxotrophic RC and prototrophic RD cells was grown in the presence of TTC. All RD mutants selected by the dye were found to be prototrophic, i. e. no mutation to respiratory deficiency had occurred in RC cells. C) Neither was there any mutation induced with TTC concentrations lower than those used for selection.
W. LASKOWSKI 14 reported a mutagenic effect for TTC on a strain of Saccharomyces. A concentration higher than 110 -4 induced 100 per cent "petite" mutants. This incompatibility of results has not yet been explained. Our experiments demonstrate the selective effect of TTC to be due to growth inhibition of respiring cells. A decrease in respiratory activity due to high glucose concentrations reduces the selective effect of TTC. There was no inactivation of cells, even with highest concentrations of the dye.
SELECTION OF RESPIRATORY DEFICIENT MUTANTS 256
Cobalt sulphate, which was reported to select extrakaryotic RD mutants in Saccharomyces cerevisiae, also leads to a growth advantage of karyotic RD cells in Schizosaccharomyces pombe. However, the absence of physiological adaption of RC cells to TTC, the low rate of TTC-resistant mutants, as well as the wide range of concentrations allowing selective enrichment of RD cells so far render TTC to be the most efficient means for rapid selection of rarely occurring "petite" mutants.
After rapid aeration no enrichment of RD cells by TTC in liquid culture was ascertained. This is in agreement with the results obtained by SLATER et al. 19 , who noticed that the succinate : TTC reductase system was blocked by rapid shaking of the suspension. This inhibition is thought to be due to the fact that the reduction of TTC to formazan in the electron pathway competes with the reduction of oxygen 19 ' 20 . In addition to this interaction with the electron transport system, an uncoupling effect of tetrazolium salts on the oxidative phosphorylation has been described 21 .
